We have studied the effects of barbiturates on vascular smooth muscle tension and cytosolic calcium concentrations ([Ca ] i , concomitantly with an increase in tension, although oxybarbiturates (pentobarbitone and secobarbitone up to 300 mol litre 91 ) had no effect. Thiopentone (300 mol litre ] i was suppressed by oxybarbiturates (pentobarbitone 300 mol litre 91 to 77.9 (5.2) %; n:9), but not altered by thiobarbiturates.
] i , whereas pentobarbitone decreased tension and [Ca ] i was suppressed by oxybarbiturates (pentobarbitone 300 mol litre 91 to 77.9 (5.2) %; n:9), but not altered by thiobarbiturates.
These results suggest that thiobarbiturates and oxybarbiturates affect vascular smooth muscle differently and that the affected site in thiobarbiturate-induced vasodilatation is distal to regulation of [Ca Thiobarbiturates have been used for induction of general anaesthesia and also for brain protection in cerebral ischaemia. Although the reduction in arterial pressure after i.v. injection of thiobarbiturates may be caused mainly by suppression of sympathetic tone and cardiac contractility, barbiturates have been shown to exert direct effects on vascular smooth muscle of various origins [1] [2] [3] [4] [5] [6] [7] [8] [9] . Previous authors have suggested that the direct vascular effect of pentobarbitone is a result of its Ca 2; channel blocking action 10 .
Except for our previous reports [11] [12] [13] , however, there have been no investigations of the mechanism of thiobarbiturate-induced vasodilatation. In this study, we used a fluorescent indicator of cytosolic calcium concentration ([Ca ]i under basal conditions and on depolarization-induced calcium influx. We demonstrated different effects of oxybarbiturates and thiobarbiturates on [Ca ]i and calcium-contraction coupling in vascular smooth muscle.
Materials and methods
The study was approved by the Kyoto University Animal Use Committee. We studied 20 male Wistar rats (250-350 g) anaesthetized with pentobarbitone 50 mg kg 91 i.p. and killed by exsanguination from the common carotid arteries. The descending part of the thoracic aorta was isolated from each rat and dissected into 8-10 rings (2-mm wide). The rings were rinsed and bathed in Krebs' bicarbonate solution at 25 ЊC for more than 20 min until used. The rings were then bathed in Krebs' bicarbonate solution containing fluo 3-AM 10 mol litre 91 14 and 0.02% vol/vol Cremophor EL for 0.5-1 h at 25 ЊC. Cremophor EL is a non-cytotoxic detergent which was added to increase the solubility of fluo 3-AM 15 . After rinsing, the endothelium was removed from the luminal surface by rubbing with cotton sticks in order to exclude the influence of endothelial [Ca 2; ]i on fluorescence intensity. The vascular rings were then mounted under a resting tension of 1 g weight, in Krebs' bicarbonate solution, maintained at 37 ЊC, and aerated with a mixture of 5% carbon dioxide in oxygen. They were then contracted with phenylephrine 0.1 mol litre 91 and exposed to acetylcholine 10 mol litre 91 which induced less than 10% of the phenylephrine-induced precontraction in all rings used 16 . Isometric tension and fluorescence intensity were recorded continuously using an Amplifier Case 7903 force-displacement transducer (San-ei, Tokyo, Japan) and a CAF-110 fluorometer (Japan Spectroscopic, Tokyo, Japan) 17 . The arterial rings were illuminated with a 75-W xenon lamp at an excitation wavelength of 490 nm, and the emitted fluorescence at 540 nm was considered to be an indicator of ). In the relaxation study, vascular rings were precontracted with KCl 30 mmol litre
91
. When the tension and fluorescence intensity had stabilized after KCl exposure, the rings were exposed to cumulative concentrations of thiopentone or pentobarbitone (30-300 mol litre
). The time-control was run in an identical manner but without exposure to barbiturates. The stabilized tension and fluorescence intensity after exposure to each barbiturate concentration were expressed as percentages, taking the levels before exposure to KCl as 0% and those after exposure and just before the start of barbiturate exposure as 100%.
In the contraction study, all rings were first exposed to KCl 30 mmol litre 91 for 5 min and then washed out. The change induced by this first exposure to KCl was taken as 100%, and the changes in tension and fluorescence intensity in the following study were expressed as values relative to this. The rings were then exposed to one of the barbiturates for 10 min or, after 5 min of pretreatment with a barbiturate, exposed to KCl 30 mmol litre 91 again for another 5 min. The barbiturates used were thiopentone, thiamylal, pentobarbitone and secobarbitone (30-300 mol litre 91 ). After washout, the rings were exposed to KCl 30 mmol litre 91 as a post-barbiturate control. The time-control was run in an identical manner but without barbiturates.
Krebs' bicarbonate solution contained (mmol litre
): NaCl 127.5, NaHCO3 15.5, glucose 10.0, KCl 4.6, KH2PO4 1.2, MgSO4 1.2 and CaCl2 2.5. Drugs used were fluo 3-AM (Dojindo Laboratories, Kumamoto, Japan), Cremophor EL (Sigma, St Louis, MO, USA), L-phenylephrine hydrochloride (Sigma), acetylcholine (Daiichi Pharmaceutical Co., Tokyo, Japan), sodium thiopentone (Tanabe Pharmaceutical, Osaka, Japan), sodium thiamylal (Kyorin Pharmaceutical, Tokyo, Japan), sodium secobarbitone (Yoshitomi Pharmaceutical, Osaka, Japan) and sodium pentobarbitone (Nacalai Tesque, Kyoto, Japan). Data in the relaxation study were analysed by Student's t test for unpaired data. All other data were analysed using analysis of variance and Scheffe's test. Differences were considered significant at P:0.05.
In the relaxation study, vascular rings were exposed to KCl 30 mmol litre 91 twice, and cumulative concentrations of thiopentone or pentobarbitone. The order of the experiments for the two barbiturates was randomized. In the contraction study, after the first exposure to KCl and washout, the rings were exposed to one of the barbiturates for 10 min, or exposed to KCl again for another 5 min after 5 min of pretreatment with a barbiturate. The timecontrols were run in an identical manner, but without barbiturates.
Results
KCl-precontracted aortic rings were relaxed by thiopentone and pentobarbitone 100-300 mol litre 91 in a concentration-dependent manner (P:0.05-0.01) Although the addition of KCl 30 mmol litre 91 to barbiturate-treated rings increased their tension and fluorescence intensity, the total increase in tension induced by KCl and barbiturates was less than in the barbiturate-untreated controls (P:0.05-0.01) (fig.  4) . The changes in tension in the presence of thiopentone, thiamylal, pentobarbitone and secobarbitone 300 mol litre 91 were 64.8 (2.5)% (n:6), 70.8 (4.2) % (n:6), 57.5 (2.2) % (n:9) and 36.6 (3.4) % (n:6), respectively.
KCl-induced increase in fluorescence intensity was decreased by pentobarbitone and secobarbitone 300 mol litre 91 to 77.9 (5.2) % (n:9) and 67.3 (8.7) % (n:6), respectively (P:0.05). In contrast, the total 
Discussion
One might criticize the fact that we used pentobarbitone anaesthesia before exsanguination of rats, arguing that pentobarbitone injected i.p. would have affected the result. However, our in vitro results suggested that this was unlikely, because the vascular effects of barbiturates at up to 300 mol litre 91 added to the bathing solution were abolished completely Figure 2 Changes in fluorescence intensity and tension of aortic rings precontracted with KCl 30 mmol litre 91 . :Without barbiturates; G:exposed to thiopentone or pentobarbitone at cumulative concentrations (30-300 mol litre 91 ). Levels before exposure to KCl 30 mmol litre 91 were taken as 0% and those just before exposure to barbiturates as 100%. n:4, each. *P:0.05, **P:0.01 compared with untreated control. Figure 3 Representative recordings of fluorescence intensity and tension of aortic rings exposed twice to KCl 30 mmol litre 91 in the absence (first exposure) and presence of thiopentone 100 mol litre 91 (second exposure) (A). Recordings of rings exposed to thiopentone but not to KCl are also shown (B).
after washout and the anaesthetic concentration of pentobarbitone was less than 300 mol litre
91
. Also, in preliminary studies we used rats anaesthetized with both ketamine and pentobarbitone and the results obtained were similar.
Our previous studies demonstrated that thiobarbiturates, but not oxybarbiturates, exerted vasoconstrictive effects on rat aortae and canine peripheral arteries under basal conditions [7] [8] [9] . This study confirmed these findings and further demonstrated that the thiobarbiturate-induced contractions in aortic rings under basal conditions were associated with increased [Ca ]i did not differ between the two treatments.
Previous studies by Sanchez-Ferrer and colleagues 6 and ourselves [11] [12] [13] have shown that thiobarbiturates suppressed contractions induced by an influx of extracellular Ca 2; and also those caused by the release of Ca 2; from intracellular stores in vascular smooth muscle, including those mediated by inositol triphosphate (IP3) and calcium-induced calcium release (CICR). These results suggest two possibilities; either thiobarbiturates suppress Ca 2; mobilization by non-specific means or they affect some site distal to the regulation of [Ca -induced contractions of chemically skinned muscle fibres from canine mesenteric artery 11 12 .
In contrast with the thiobarbiturates, relaxation induced by pentobarbitone was accompanied by a decrease in [Ca ]i were smaller than in control rings. These findings concur with those of previous authors 10 and ourselves using these compounds 12 13 . Therefore we speculate that oxybarbiturates suppress depolarization-induced calcium influx, although the possibility that they also affect some site distal to calcium mobilization cannot be excluded.
Except for substitution of an oxygen atom for sulphur on the second carbon atom, thiopentone has the same chemical structure as pentobarbitone, and thiamylal the same as secobarbitone (fig. 5 ). Thus we postulate that thiobarbiturates and oxybarbiturates, ]i, such as calmodulin, the phosphorylation or dephosphorylation process of myosin light chain (MLC), or the contractile machinery itself.
The peak plasma concentration of thiobarbiturates after induction of anaesthesia is 100-300 mol litre
, and as more than 85% is bound to plasma proteins, the concentration of the unbound form is less than 50 mol litre 91 18 19 . Therefore, the effective concentrations of thiobarbiturates in this study were not much higher than those that are found clinically.
In summary, we found that thiobarbiturates relaxed vascular smooth muscle isolated from rat aorta independently of [Ca ]i.
